It is well known that many real systems have asymmetric mass, damping and stiffness matrices. In this case, the method for calculating eigenpair sensitivity is different from that of symmetric system. To determine the derivatives of the eigenpairs in asymmetric damped case, a modal method was recently developed by Adhikari. When a dynamic system has many degrees of freedom, only a few lower modes are available, and because the higher modes should be truncated to use the modal method, the errors may become significant. In this paper a procedure for determining the sensitivities of the eigenpairs of asymmetric damped system using a few lowest set of modes is proposed. Numerical examples show that proposed method achieves better calculating efficiency and highly accurate results when a few modes are used.
INTRODUCTION
Natural frequency and mode shape of system are essential to understand dynamic behavior of structure. But design parameters can be varied with damage, deterioration, corrosion etc. and this causes variation in natural frequency and mode shape. The variation of eigenpair brings about variation of dynamic behavior of systems and this affects the stability of structure directly. Therefore eigen-sensitivity analysis has played a central part in structural stability analysis and has emerged as an important area of research. And eigenpair sensitivity is used in many areas, the optimization of structure subject to natural frequency, system identification, finite modeling updating, structural control etc.
For symmetric systems, modal methods (Murthy & Haftka 1988 , Lim & Junkins 1987 and its modified ones (Wang 1985 , Liu et al. 1987 ) approximate the eigenvector derivatives by a linear combination of the eigenvector. The modal methods employ a modal superposition idea. Therefore, the accuracy is dependent on the number of modes used in calculation. To guarantee the accuracy, the classical modal method needs higher eigenvector. Recently Zeng presented modified modal methods such as multiple modal acceleration and shifted-poles method for the complex eigenvectors in symmetric viscous damping systems, which achieved highly accurate results when only a few modes are used.
However, in many problems in dynamics the inertia, stiffness and damping properties of the system cannot be represented by symmetric matrices. These kind of problems typically arise in the dynamics of actively controlled structures and in many general non-conservative dynamic systems, for example -moving vehicles on roads, missile following trajectories, ship motion in sea water or the study of aircraft flutter. The asymmetric of damping and stiffness terms are often addressed in the context of gyroscopic and follower forces.
To calculate the eigenpair derivatives in this case, Adhikari and M. I. Friwell proposed a modal method by modifying the modal method for symmetric damped systems. Numerical examples show that proposed method achieves better calculating efficiency and highly accurate results when a few modes are used.
PREVIOUS MODAL METHOD FOR ASYMMETRIC SYSTEMS
The general equation of motion for an N-degree of freedom system with damping is
where M, C and K are mass, damping and stiffness matrices, respectively. The traditional restrictions of symmetry and positive definiteness are not imposed on M, C and K, however, it is assumed that 1 − M exists. Equation (1) can be rewritten in the following state-space form,
(2) where
From the Equation (2), we obtain following two equations because of the asymmetricity of the system.
where s is the eigenvalue, z is the right eigenvector and y is the left eigenvector which is related to the right and left eigenvector of the second order system For distinct eigenvalues, two normalizing conditions by Adhikari are as follows.
where denotes the j-th element of a vector is chosen so that the corresponding elements of the eigenvectors are as large as possible. Thus
Differentiate equation (4) with design parameter α . Using this equation, the derivative of eigenvalues can be obtain as.
To derive the eigenvector derivatives, we can expand and as complex linear combinations of and , for all . 
where Y and Z is the modal matrix to be formed by the right and left eigenvector, respectively.
By the similar procedure, separate the response . 
So the right eigenvector derivative is given as By the similarly procedure, the left eigenvector derivatives is given as 
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MULTIPLE MODAL ACCELERATIONS WITH SHIFTED-POLES (MMAS METHOD)
For more high convergence rate, the term is expanded in Taylor 
Through the similar previous procedure using the equation (21), the j-th right eigenvector derivatives are formulated as By the similarly procedure, the left eigenvector derivatives is given as The numerical values chosen are as follows :
The equation of motion of gyroscopic system is as follows
Where M, C, K, F are mass, damping, stiffness and external force matrices respectively, G is gyroscopic matrix and H is circulatory matrix that make system matrix asymmetric. The detail information of this system is represented in Ref. 2. Table 1 shows exact eigenvalues and eigenvectors and their derivatives with respect to length for design variable.
To demonstrate the effectiveness of modified modal methods, right eigenvector derivative is calculated using four modes. As you can see in the Table 2 , multiple modal acceleration method with shifted poles is very effective. To demonstrate the efficiency of MMAS, right eigenvector derivative is calculated using fewer modes. Table 3 shows resulting errors.( β =eigenvalue-1, M=2) -8.499e-3 + 2.356e+0i -2.715e-3 + 6.352e+1i 1.677e-2 + 1.055e+1i 6.330e-2 + 1.253e+1i 2.309e-1 + 1.408e+1i -2.665e-1 + 1.512e+1i -1.133e-1 + 1.666e+1i -5.858e-2 + 1.865e+1i-4.728e-2 + 2.277e+1i -3.689e-2 + 2.621e+1i
1.325e-3 + 1.580e+0i 2.253e-3 + 8.593e-1i 3.339e-3 + 3.403e-1i 8.805e-3 + 2.062e-1i 2.191e-2 + 1.773e-2i -2.397e-2 -1.773e-2i -8.805e-3 -2.061e-1i -3.791e-3 -3.392e-1i -2.253e-3 -8.222e-1i -1.283e-3 -1.064e+0i
6.087e-3 -6.244e-6i 0.000e+0 + 0.000e+0i -7.442e-3 + 6.736e-6i 0.000e+0 + 0.000e+0i -2.885e-2 -2.184e-5i -1.250e-5 + 1.211e-2i 0.000e+0 + 0.000e+0i +1.479e-5 -1.468e-2i 0.000e+0 + 0.000e+0i 8.373e-5 -5.719e-2i
6.312e-4 + 6.334e-6i 0.000e+0 + 0.000e+0i -7.601e-4 -7.192e-6i 0.000e+0 + 0.000e+0i -6.051e-3 -1.339e-5i 1.062e-5 -4.886e-3i 0.000e+0 + 0.000e+0i -1.280e-5 + 5.916e-3i 0.000e+0 + 0.000e+0i -3.794e-5 + 1.696e-2i 
